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EmMARY

Thelow-speed(upto 2 milesperhour)corneringcharacteristicsof
two’26x 6.6,ty-peVII,1.2-ply-ratingtiresunderstraight-yawedrollinn
weredeterminedovera rangeof inflationpressuresandyawanglesfor
twoverticalloads,oneloadapproximatelyequaltotheratedvertical
loadandtheotherloadapproximatelyequaltotwicetheratedvertical
loadforthesetires.Thecorneringchsracter<sticsofonetirerolling
alongcirculsrpathsofdifferentradiiwereinvestigatedforonecon-
ditionofverticalload,sndinflationpressure.Statictestswerealso
performedto determinethevertical,lateral,torsional.,andfore-and-
aftelasticcharacteristicsofthetires.Severaltibrationtestswere
alsoperformedtodeterminethedynsmiclateralelasticcharacteristics
ofthetires.Thequantitiesmeasuredincludedlateralor cornering
force,dragforce,torsionalmomentor sel.f-aliningtorque,pneumatic
caster,verticaltiredeflection,lateraltiredeflection,wheeltorsion
oryawangle,rollingradius,andrelaxationlength.Somesupplementary
testswhichincludedmeasurementsoftirefootprintareaandthevaria-
tionofunloadedtireradiuswithinflationpressureweremade.

Duringstraight-yawedrollingthenormalforcegeneraKlyincreased
withincreasingyawanglewithinthetestrange.Thevariationofnor-
malforcewithyawanglewasconsiderably differentforthetwovertical
loadstested.Thepneumaticcasterwasata maximumat smallyawangles
sndtendedt9 decreaseinvaluewithincreasingyawangle.Thesliding-
&ag coefficientoffrictiontendedtodecreaseinmagnitudewith
increasingbearingpressure.Thecoefficientofturningforturdng
radiiof approxh@dy 5,10,and15 feetwasfoundto bebetween3 x 1-0-6
and 4 X 10-6lb+in.‘2ata verticalloadof 9,000poumdsanda tire
inflationpressureof13kpoundspersqme inch.

—.——— .—.-——. — ——-—.—- ——..= -.-.———.. —— — —. . —



2 NACATN 3604

INTRODUCTION

Inorderto copewithairplane~
lsmlingswithyaw,wheelshirrmty,sadground
landing-geardesignmusthavereliabledata

\

andtsxiingproblemssuchas
haniU_ing,thoseengagedin
onmanyelasticproperties o,

of air@&e tiresundersuchconditions.Untilrecently,theexperi-
mentaldataonsuchtireelasticproperties,mostofwhicharesummarized
anddiscussedinreference1,werelimitedinbothscopeandquantity.
Recently,a progrsmwasinitiatedby theNationalAdvisoryComitteefor
Aeronauticsto alleviatethislackofexperimentaldataby determining
experimentalvaluesof someessentialtireparametersfora rangeoftire
sizesunderstatic,kinematic(low-spedsteady-state),anddynamic(tran-
sientandhigh-speed)conditions.Somestaticforce-deflectiontestsof
theprogramhavebeencompletedandtheresultswerereportedinrefer-
ence2. Thelow-speedyawed-rolMngandsomeotherelasticcharacter-
isticsoftwo56-inch-diameter,24-ply-ratingaircrsfttireswerereported
inreference3. Thepresentpaperpresentsresultsfrompartsofthekin-
ematicandstatictestprogramsfortwo26-inch-diameter,26x 6.6,
typeVTI,12-ply-ratingtires.

Mostoftheinvestigationconsistedoftowingthetirespecimens
alonga straightpathina yawedcondition.Theangle-of-yawrangecovT
eredwasfrom0°to 24.5°andtheinflation-pressurerange,fromabout
100poundspersquareinchto 225 poundspersquareinch.Thetwovertical-
loadingconditionsinvestigatedwere9,000and17,100poundsforeachtire.
The9,000-poundvertical-loadconditionrepresentedapproximatelytherated-“
loadconditionforthistypeoftireas specifiedbyreference4,whereas
the17,1D0-poundvertical-loadcotitionrepresented’approximatelytwice I-
thevertical.loadfortheratedcondition.Althoughthislattercotition
normallyrepresentsa severelyoverloadedcondition,sucha conditioncan
existforsomeairplanetypesattake-off‘orduringunusuallyseverelanding
impacts.ForeachYawed-straight-rol-grun,thetowingspeedwasheld
constantanddidnotexceed2 milesperhour.Thequantitiesmeasured
includedverticaltiredeflection,sideforce,hag force,self-alining
torqukjpneumaticcaster,rollingradius,andrelaxationlength.Relsxation-
lengthmeasurementswerealsodeterminedforthecaseof zeroyawfora
standingtire.

Additionalrollingtestsweremadeforthecaseof a tirerolling
atvaryingdegreesofyaw(0°to*70)alongpath6of circular’curvature
withradiiofabout5,10,@ 15feetatonevertical-loadcondition
(9,000po~dsforeachttie)andoneinfhtionpressme(1341b/sqin.).

llragtestswereconductedwiththewheelslockedto obtainmeasure- ,
mentsinthefore-and-tidirectionofthemaximumandslMlngcoefficients
offrictionsndthestiffnessofthetiresforbothwet-anddry-concrete
conditions. u

. .——
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Testswereperformedonthestandingtirestodeterminethestatic
vertical-,lateral-,andtorsional-elasticitycharacteristics.somesup-. elementarytestswerealsoperformedto determinedynamiclateral-elasticity
characteristics,tomeasuretirefootprintmea, andto determinethevari-
ationofthefreetireradiuswithtireinflationpressure...
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SYMEOI.S

grossfootprintsreajsqin.

netfootprintmea,

overalltire-ground

outsidediameter~f

force,lb

Sqin.

contactwidth,

freetire,in.

resultantforce,
v
F2+FY2, lbx

instantaneomdragorfore-and-aft
todirectionofmbtion),lb

force(~oundforceparallel

instantaneouscorneringforce(groundforceperpendicularto-
dtrectionofmotion),lb

verticalloadontire,lb
\

normalforce(groundforceperpendiculartowheelplane,
Fy COS ~ + i; Sin

frequency,cps

overalltire-ground

fore-and-aftspring

contactlength,in.

constant,lb/in.

torsionalspringconstaut,lb-in./deg

lateralor sidespringconstant,lb/in.

relaxationlength,in.

-,——-— . . .. . _____ — .. —— ~ . ...— —... .—. — ———-–--— —--
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staticrelaxationlength,in.

yawed-rol~grelaxationlength,in.

torsionalmomentorself-alhingtorque,lb-in.

corneringpower(rateof changeof corneringforcewithyaw
angleforsti yawanglesona rollingtire, dJ?y,r,e

/

p~

or ~~,r,edV for $ approachingO),l.b/deg

tireinflationpressure,lb/sqin.

minimmratedburstingpressureoftire,lb/sqin.

tireinflationpressureat zeroverticalload(Fz= O),lb/sqin.

aversge.gossfootprintpressure,Fz/Ag, lb/sqin.

averagetire-groundbesringpressure,Fz/f%) lb/Sq in.

pneumaticcaster,Mz,r,e/F~,r,e,‘iO

otisideradiusoffreetire,

rollingradius,v Cosq> in.
G

Tirecircumference
9

a

peripheraldistancemoundtire,in.

time,sec

rollingvelocity,in../see
.maxi.mmtirewidth,in.

displacementindirectionofmotion,in.

verticaltiredeflectiondueto cmibined
h.

verticaltire*flectiondueto vertical

orft

in.

verticalandyaw

loadonly,in.

,.,\
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loads,
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ener~-dissipationparameterforstaticlateral-elasticitytests

reductioninoscillationsmplitudepercycle

energy-dissipationpersmeterfordynamiclateral-elasticitytests,

2(1- qp)

(1+ llJ

lateraldistortionoftireequator,in.

lateraldistortionofthe equatorat centerof contact,in.

maximumdragcoefficientoffriction,Fx,n,@?z

sliding-dragcoefficientoffriction,Fx,n,s/Fz

yawed-rollingcoefficientof.friction,?R,r,e,tiz

turningradius,ft

torsionoryawangle,deg

wheelangularvelocity,radians/see

Subscripts:

e eqydl.ibriumor steady-staterollingcondition

m msximum

n nonrollingcondition

r roll@gcondition

s slidingcondition

Barsoversymbolsdenotetheaveragevaluesofthequantities
involvedfortiresA andB.

.
.
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Thebasictestvehicleconsistsofthefuselageandwingcenter
sectionof a cargoairplanewhichwastowedtailfirstby a tractor
truckatanattitudesuchthattheoriginalairplaneshockstrutswere
nesrlyvertical.Theoriginalyokessadtorquelinksofthelanding-
gearstrutsalongwiththewheelassemblieswerereplacedby steelwheel
housingswhichheldthetiresandwheelstested.Thesesteelwheelhousings
wereconnectedtogetherby meansofan instrumentedtruss.Holeslocated

inthewheelhousingatregularintervalsof ~“ permittedthewheelframes

tobe rotatedthrougha yaw-anglerangefrom0°to 24.50toeout. (It
mightbe notedthata smalli.nitialmisaUnementofthewheelsofapproxi-
mately0.3°,whichwasnotedinref.3,waseliminatedforthepresent
investigation.)A sketchofthebssictestvehicleisshowninfigure1.
A mOredetaileddescriptionofthistestvehicleisgiveninreference3
andappliesingeneraltothepresentinvestigation.

Theweightofthetestiehicleactingonthetiresforthelight-
weightconditiontestedwasapproximately9,000poundsforeachthe. For
theheavy-weightconditiontested,a concreteweightcan(weighingapproxi-
mately8,OOOpounds)wasattachedto eachwings-bib.(Seefig.2.) This
weightincreasedtheloadon eachthe to approximately17,100pmnds. The “
maximumtowingforcerequiredwasapproximately4,000poundsforeachttre.

Instrumentation

Thetestvehiclewasequippedwithinstrumentsformeasuringside ‘
force,torsionalnmment(self-aliningtorquefortheyawed-rollingcese),
drag,verticaltiredeflection,horizontaltranslation,andwheelrota-
tion.Measurementsofthesequantitieswererecordedsimultaneouslyon
a l~channelrecordingoscillographmountedinthetestvehicle.This
oscillographwasequippedwitha O.01-secondtimer.Thisinstrumenta-
tionisdiscussedinmoredetailinreference3.

Tires

Generaldescription.-Thetirestestedinthisinvestigationwere
a patiof 26-inch-diameter,26x 6.6, typeVII,U?-ply-ratingribtread
tireswhichweremadeby thesanemsmfacturer.Thespecificationsfor 1

thesettiesgivenintableI wereeitherobtainedfromreference4 orby
directmeasurements.Figure3 showsWlated auddeflatedhalfcross
sectionsforthetwotesttties.Thesecrosssectionswereobtainedfrom “

—
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plastercaststakenwhenthe
thebeginningofthetests.
betweentheprofilesforthe

7

ttieswereina newandunusedconditionat
Thereappearstobe no appreciable.difference
twotires.

Tirewear.- Duringthecourseofthepresentinvestigation,there
wasanappreciableprogressivechangeinthecross-sectionalshapeofthe
tiresdueto skiddingandworkingofthetires.Therefore,thechrono-
logicalorderinwhichthetestdatawerecollectedmaybe of someimpor-
tanceintheinterpretationofthedata.Thischronologicalorderis
indicatedinthispaperby a seriesletterwhichisassignedto alltest
data. Specifically,thetestsinchronologicalorderareA,B, C,andD.

Thechangeintire-treadpatternduetotirewesrthroughoutthe
testisillustratedinfigure4. Atthebeginningofthetestsbothtires
hada rectangularcross-sectionaltreadpattern(fig.4(a))andthispat-
ternwassubstantiallypreservedthroughoutseriesA (fig.4(b)).During
te~tseriesB thesidesofthetreadstidirectcontactwiththewound
begantowearawayad thiswesringawayproducedthetreadshapeshown
infigure4(c),whichwastakenatthebeginningoftestsertesC. During
testseriesC thiswearincreasedsubstantiallyas isshowntifigure4(d)
fortireB attheendoftestseriesC. FortestseriesD, forwhichonly
tireA wastested,thesmallprojectingedgesremainingonthetreadat
theconclusionoftestseriesC (showninfig.4(d))werecutoffbefore
beghninnthetests. (Seefig.4(e).)

It shouldbe notedthat,whenthetireswereremovedfromthetest
vehicleattheconclusionofthetests,tireB wasfoundto havesuffered
severslapparentlydeepcutsarounditsoutboardsidewallintheproxim-
ityofthewheelrhn. Thesecutswereevidentlymadeby theoutboardside
ofthewheelrimcuttingintothetireduringoneoftherunsoftest
seriesC atthelargeryawanglewherelargeverticalandlateraltire
deflectionswereexperienced.Inorderto investigatetheimportanceof
thesecuts,thesectionofthetirehavingthedeepestcutwasremoved
andinspected.A photographofthissectionispresentedasfigure4(f).
l?romthiscrosssectionitappearedthatthiscutpenetratedcompletely
throughonlyoneplyofthecasingandthereforeprobablydidnotappre-
ciablyaffectthetirecharacteristics.Itwasfoundaftercloseexam-
inationthattireA hadnotexperiencedthistypeofdamage.

Itceethe radius.-Radius-pressurehysteresisloopsassociatedwith
increasingsmddecreasingpressuresreshowninfigure5 fortiresA
andB. Theelapsedtimefromthestat is shownfora fewofthemeamre-
mentspresented.Thevariationinthe radiusdueto hysteresisfora
givenpressureisseentobe practicallynegligible(lessthan0.1inch)
intheoperatingpressurerangeforthesetiresforthisrelativelyslow
rateof changeofpressure(roughly,3 hoursformostofthecycle).
Alsoshowninthisfigureareseveralradiusmeasurementswhichweremade
afterthetireshadbeenleftunloadedatconstantpressureforatleast
24hoursinordertoreachanequi~briumcondition.

—— .. . ..——— ._ —____. ___ _____ — —
—— .—— —_
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TestSurface
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.

Allyawed-straight-rollinganddragtestswereconductedby towing
thetestvehiclealongthecenterof a 9-inch-thickreinforced-concrete
taxistrip.Thistsxistriphada slightcrownsothatthetiresonthe
testvehicleweresubjectto a slighttiltrelativetothesurface.How-
ever,thistiltwaslessthan1°. Thetextureofthetaxistrip,a
bosmiedconcretesurface,asdeterminedfromplastercasts,is shownin
figure6 forthreerandompositionsonthestrip.AILothertests,with
theexceptionofthestatictorsional-elasticityandtheyawed-curvilinear-
rollingtests,wereconductedona muchsmoother,level,reinforced-concrete
surface.Thetestsurfacesfortheexceptionsweresmoothsteelplates.

TESTPROCEDUREAND~AL REsuLTs

Thepresentinvestigationoftirecharacteristicsisdividedinto
thefollowingparts:yawed-straight-rollingtests,yawed—curvilinesr-
rollingtests,relaxation-lengthtests,locked-wheeldragtests,static
vertical-elasticitytests,staticlateral-elasticitytests,dynsmic
lateral-elasticitytests,statictorsional-elasticitytests,andsupple-
mentary’measurements.

Yawed-Straight-RollingTests

Foreachrunoftheyawed-straight-roltigtests,thetestvehicle
wasmovedintotowingpositiononthedry,clean,concretetaxistripand
thewheelhousingswererotatedandlockedattheparticularyawangle
desired.Thetireswereadjustedtothetestinflationpressureandwere
thenjackedclearofthegroundtoremoveanyresidualstressesremaining
fromthepreviousrunsorresultingfromthechangingoftheyawangles
ofthewheels.Thejackswerethenremovedandtheinitialverticaltire
deflectionsnoted.Formmt oftheruns,thevehiclewasthentowed
straightaheadfromthisinitialessentiallyunstressedconditionfora
distanceof approximately40feetatanapproximatelyconstantspeed.
Althoughthespeedremainedapproximatelyconstantthroughoutanypartic-
ulsxrun,itvariedfromruntorunwithina speedrangefromapproxi-
mately0.7to 2 milesperhour.Figure7 showsoneofthetiresdur~
a runat 24.5°yaw. Forseveralruns,whicharenotedintableII,the
vehiclewasbackedupbeforestartingthestraiglrt-aheadrollingportion
oftheruninordertoputan initialfiegativelateralstressinthe
tires.Thisinitialstressingwasap@.iedbeforestartingtheseparti- ‘
cularrunsforthepurposeofobtainingsufficientlylargechangesin
lateralforceduringtheearlystagesoftheserunsto enabledetermina-
tionoftheyawed-rol~grelaxationlength.(Ifthevehiclewasnot
thtibackedup,itusuallyturnedoutthatthelateral-forcetestdata

.

,.

v

“..
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obtainedduringtheearlystagesoftheyawedrunswerenotsufficiently
accurateforthisrelaxation-lengthdetermination.) A comparis~nofthe
variationof lateralforcewithdistanceroldedforthesetwotypesof
towingconditionsisshowninfigure8 forthelight-weighttowingcondi-
tionfora yawangleof 3.5°anda tireinflationpressureofapproxi-
mately163poundspersqusreinch.

Alltestrunsat0°,3.5°,70,10.7°,14°, 17.50, 21°, and 2+.50
weremadewithbothwheelssymmetricallyyawedwithrespectto thelongi-
tudinalaxisofthetestvehicle.Althoughtheseparticularyawangles
weretheonlyangleseasilyattainableonthetestvehicle,sometest
runsat1.75° weremadeby sett~the wheelsunsymmetricallyyawedwith
respectto thelongitudinalsxisofthetestvehicle(thatis,onewheel
wassetat0° andtheotherat3.5° yaw). Whentowedaheadintldsunsym-
metricaU_yyawedcondition,thetestvehiclefirstveersofftotheside
becauseoftheunsymmetricalforces.Aftera shortrun,howver,the
Vemclerunssmoothlywiththelongitudinalaxisofthetestvehicleyawed
withrespecttothedirectionofmotionsuchthatbothwheelshavethe
ssmefinalintermediateyawangleof 1.75°with”respectto thedirection
ofmotion.

Thefollowingmeasurementswererecordedcontinuouslyfromthestart
oftherun: sideforce,topnal momentor self-aliningtorque,drag
force,verticaltire$ikflection,wheelrotation,andvehicletranslation
tithedirectionofmotion.

TableII containsaU testdataobtainedduri@thefinalsteady-
statestageofeachyawed-roilingrun. (Itshouldbe notedthattherun
numberslistedinthistablesmdinallothertablessmdfiguresdonot
indicatethechronologicalorderinwhichtherespectiverunsweremade.
Theserunnumbersme listedonlyforconvenienceinreferringtothe
testdata.)Dataarepresentedforthreedifferenttestseries(Ato C)
whichrepresenteitherdifferen~verticalloadingsordiffer~nttirewear.
Thevmiationofnormalforce‘*,r,eYself-aliningtorqueMz,r,e,and

pneumaticcaster~ withyawangleme showninfigures9 and10forall
verticalloadssmdinflationpressures.Ssmplerolling-radiusdataare
plottedinfigureU asfunctionsofyawangle,tireinflationpressure,
andverticaltiredeflection.

.

Thebuildupof corneringforcewithhorizontaldistancerolledduring
theinitialstagesoftheyarned-straight-rollingrunsisillustratedin
figure12forseveraltestiuflationpressuresforthevertical-loadcon-
ditionsinvestigated.Inasmuchasfornmstrunstherewasa slightinitial
residualforceorpreloadinthetires,theoriginaltestcurvestidnot
passexactlythroughtheorigin.In ordertotakethisfactintocon-
sideration,thetestcurvesshowninthisfigurehavebeenhorizontally
shifted(ifnecessary)sothattheextrapolationof eachcurveismade
topassthroughtheorigin.

. —— -. —_—-_ ____ .._ _ —-—.-—.. —-.—___ __ _.
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Yawed-CurvZMnear-RollingTests

IntheYawed-;umilinear-rollingtests,therightwheelfrsmeof
thetestvehiclewasanchoredtothefloorby tie-downfittingsinorder
tomakeitas‘bmovableaspossible.(Seefig.13(a).) A steelplate,
approxhnatel.y5 feetwide,weldedto a steel1-beam,wasplacedunder 8P
thetire(tireA) intheleftwheelframe.(Seefig.13(b).) Thissteel
platewaspulledoutfromunderthetire,by meansofhydraulicrams,
alongcirculsr-arcpathswhoseradiiweredet-erminedby thepivot-petit
locationonthesteelI-beam.(Seefig.13(b).) Thus,thistestsetup
simulatestherollingofthetireh a circulsrpathona steelsurface.
Thetestvehiclewasrestrainedfromrotatingabouttherightwheelfrsme
astheplatewaspulledoutfromunderthetirebymeansofthetie-down
fittingsconnectedtotheleftwheelframewhichareshowninfigure13(b).
Figure13(c)showsanoveraUviewofthetestsetup.

Alltestrunsatnominalyawanglesof0°,~“, and70weremadeby

P= thefit~nted trusstotheleftwheelframeaswasdonefor
theyawed-straight-rollgtests.Intermediatenominalyawanglesof1.75°
and5.25°wereobtainedby cla@ng thetrusstotheleftwheelfrsmewith
theaidofheavy-dtiyclsmps.Theactualyawanglesdifferedslightly
fromthenominalanglesbecauseofmisalinementofthetestvehiclewith
respecttothepivotpoint.

Beforeeachruntheleftwheelhousimgwasrotatedandpinnedor Q
clampedattheparticularnominalyawangledesired.Thelefttire
(tireA)wasthenadjusted%othetestinflationpressureandjacked .,
clew ofthegroundtoremoveanyre’sidualstressesremainingfromthe u
previousrunsorfromthechangingofthewheelyawangle.Thejackwas
thenremovedandtheactualyawangleandverticalthe deflectionwere
measured.Then,theplatewasp-d outfromunderthetirethrougha
distanceof approxtitely4 feet.Measurementsof sideforceandself-
al~figtorquewererecordedcontinuouxilyduringtherun. Therolling
speedwasapproximately6 inchesperminute(0.006mileperhour).

ThedataobtainedfromtheYawed-curvilinear-rollingtestssrepre-
sentedinfigure14. Thisfigureshowsthevariationof corneringforce
andseH-afin torquewithyawangleandturningradiusfortireA at
thetestcontitionof Fz= 9,000poundsand p = 1* poundspersquare
tich.

Relaxation-LengthTests
●

Twotypesofrelaxationlengthsweredeterminedinthisinvestiga-
tion,nsmely,staticrelaxationlengthLs andyawed-roUingrelaxation

.

—.. —



NACATN 3604

len@h ~. Thedefinitionsfortheserelaxation
!. reference3. Themethodsusedtodeterminethese

asfollows:

IL

lengthsaregivenh
relaxationleqgthsare-

StaticrelaxationlengthLs.- Thestandingttiesweregiveninitial.
lateraldeflectionsbypullingoutward,by meausofhydraulicrams,plates
placedunderneaththetires.Thelateraldistortionofeachtiretread
nearestthecenterofthetirerelativetothewheelcenterplanewas
thenmeasuredforseveralpointsaroundthetirecircumferencebetween
thefootprintedgeanda pointl&)Ofromthecenterof contact.

Yawed-rollingrelaxationlength~.- Thebasicdatafortheyawed-
rolldngrelaxationlengthswereobtainedfromtheinitial(forcebuildup)
phaseofthe1.75°,3.5°,and~ yawed-straight-roltigtests.Thiscon-
stantwasevaluatedinthispaperforonlytheseanglessinceskidding
ap~earedtobe toosignificantatlargerangles.

Relaxation-lengthdata.-Samplesofthetestdataobtainedfromthe
twomethodsusedto determinetherelaxationlengthofthetirespecimens
areshowninfigure15. Thisfigureshowsexperimentaldatafortworuns,
plottedbothinlinesrandsemilogarithmiccoordinates,togetherwith
empiricalexponentialcurveswhichwereobtainedby fittingstraightlines
to thesedataonthesemilogarithmicplots.Thecorrespondingrelaxation
len@h foreachsetofdatais,by defidtion,the-nominatorofthepower
of e intheequationof’theexponentialcurvefittedto thedata. (For
example,therelaxationlengthforthedatainfigure15(b)is5.4inches.)
Thevaluesofrelaxationlengthobtainedinthismanrierfromthetestruns
arelistedh tableJIUforthestatic-relaxation-lengthtestsandin
table11fortheyawed-rollingrelaxation-lengthtests.Thesetableslist
onlyrelaxation-lengthmeasurementsforsomeofthelight-loadingcondi-
tionstested(testseriesAandB). Fortheheavy-loadingcondition(test
seriesC),no static-relaxation-lengthdataarepresentedsinceforthis
conditionthetiretreads,whichwereusedasreferencesforlateral-
deflectionmeasurements,~been soirregularlywornbyprevioustesting
thatitwasimpracticalto obtainsufficientlyaccuratemeasurements.
Fortheyawed-roU.ingrelaxationlengthfortheheavy-loadingcondition,
norelaxation-lengthdataarepresentedeitherforthereasonthatthe
correspondingforce-buildupdatadidnotappearsufficientlyaccurateto
w-ant relaxation-lengthdeterminationsor,inothercases,forthereason
thattheexperimentalforce-buildupdatacouldnotbe accuratelyfitted
by exponentialcurves.

Locked-WheelDragTests

Themethodusedtodeterminethe stiffnessandslidingdraginthe
fore-and-afttiectionondxyconcretewasasfollows:Withthewheels
positionedat0°yawandlockedtopreventrotation,thetestvehicle
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waspuJledforwardby hydraulicrsms(seeref.3)ata speedlessthan
10 inchesperminute(0.009mileperhour).A continuousrecordwas
-takenofdragforcesadhorizontaldisplacementduringeachrun. In d
addition,severalrunsweremadewiththeconcretesurfaceina wetcon--
dition.Fortheseparticularruns,thetireswerejackedciem ofthe
taxi-stripimmediatelybeforea runsndtheconcretesurfacebeloweach

.

tirewaswettedthoroughlywithwaterby meansof a gardenhose. The
jackswerethenremovedandtheruncomnencedas justdescribedforthe
dry-concreteruns.Throughouteachwet-concreterun,a streamofwater
wasdirectedontotheconcretesurfaceinfrontofeachtiresothatthe
tireswouldalwaysremainincontactwithwetconcretefortheduration
oftherun.

Duringthesetests,theweightofthetestvehicleremainedconstant;
however,theverticalloadonthetiresdecreasedslightlywithincreasing
dragforceasa consequenceofthemomentproducedby thedragforce.
Thischangeinverticalloadwastakenintoaccountinthecomputationof
frictioncoefficients.(Itw nottakenintoaccountintheothertests
sincetheeffectwassmaU forthoseconditions.)

Mostoftheexperimentaldataobtainedfromthelocked-wheeldrag
testsarepresentedintableIV. AIAO,typicaldataareshowninfigure16
forthebuildupoffore-and-aftforcewithhorizontal.distancepulledfor
severalruns.

,,
StaticVertical.-ElasticityTests

Thefo~owingprocedurewasusedinthestaticvertical-elasticity
tests: Theverticalloadon eacQtirewasincreasedby incrementsfrom
zeroloadcumulativelyup to a maximumvertical-loadvalueandwasthen
reducedby ticrementsto zero.Theverticaltiredeflectionwasnoted
foreachvalueofverticalload.Theuuloadedtireinflationpressme P.

andloadedtilationpressurep were-o measured.Thisprocedurewas
folJ_owedforslltestinflationpressures. ,

Mostofthestaticvertical-elasticitydataobtainedarepresented
infigure17. Thisfigureshowsthevariationofverticallosdwith
verticalttiedeflectionforthetwotirespec3mensforthetestinfla-
tionpressures.Additionaldata,obtainedmostlyfromtheyawed-rolling
tests(tableII)arepresentedinfigure18. Thisfigureshowsthevari-
ationofaverageverticaltire deflectionwithaveragetireinflationpres-
~ureforthetwoverticallode tested(j?z- 9,000 poundsand
F== 17,100 pounds). It isnotedthatinfigure18theaveragetire
deflectionsforthelocked-wheeldragsmdfootprint-areatestsareusuaUy “
aboti0.3inchsmallerthanthecorresponMngdeflectionsfortherestof
thetests.Thisdifferenceprobablyisa resultofthefactthatduring .
thesetestsitwasnotconvenienttorotatethewheelsabouttheiraxles
betweenruns. Consequently,duringtherelativelylongdurationofthese
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tests(approximatelyoneweekfor
creepundertheconstantvertical

13

the locked-wheeldragtests),becauseof
load3ngofapproximately9,000poundBfor

eachtire,thetiresdevelopeda flatspotatthepartofthetirenearest
theground.Thisflat-spoteffectwXU be referredto laterinconnection
withthedeterminationofgroundbearingpressure.

StaticLateral-lZl.asticityTests

Inthestaticlateral-elasticitytests,thetestvehiclewaspulled
sidewaysatthewheelaxles,firstinoneUection andthenintheother,
by meansofhydraulicramstfioughseveralcyclesata ratebetween
25 secondsand60 secondspercycle.Theverticaltiredeflectionand
loadedtireinflationpressureweremeasuredoneachtirebeforeeachrun.
~% the~, continuousmeasurementsof sideforceandsidethe deflec-
tionwererecordedontheoscillograph.Thisprocedurewasfolhwedfor
severaltesthflationpressuresatboththe9,000-pound(BeriesA) and
the17,100-pound(seriesC)vertical-loadconditions.

.
Thebasicstaticlateral-elasticitytestdataarepresentedinfig-

ures19 and20andtableV. Figure19 showsthevariationof sideforce
withsidetiredeflectionforseveraltestinflationpressuxesat~ aver-
ageverticalloadingof9,000poundsforeachtire(testseriesA). Fig-
ure2Y3showsthisvariationat anaverageverticalloadingof17,100pounds
foreachTire(testseriesC}. (Itisnotedthatforrun149infig.23
the%estdatasrerelativelyirregulsr.Thisirregularityisbelievedto
be theresultof a shiftinginsomepartofthetestsetupduringthe
courseofthisrunratherthantheresultof anactualirregularityin
thetirestiffness.)TableV containsa Mst of aid.testconditions
togetherwithsometirelateralstiffnessand~steresisparameters(to
be discussedlater)derivedfromthedatainfigures19 andX).

-C Lateral-Elastici@Tests

Inthedynamiclateral-elasticitytests,thetestvehiclewaspulled
sidewaysat*thewheelaxleapproximately0.5inchbymeansof a hydraulic
ram. Thisramwasconnectedtothewheelaxleby a steelcablewhichwas
severedcompletelyby anaxestrokeatthestsrtoftherun. Thesti-
seqwntlateral.oscillationsofthetestvehicleatthewheelaxlewere
measuredby a linearslMe tie andwererecordedcontinuouslyduringthe
runontheoscillo~aph.Theverticaltiredeflectionsndlosdedtire
inflationpressureweremeasuredforeachtirebeforeeachrun. Thispro-
cedurewasfollowedforseveraltestinflationpressuresatboththe
9,000-pound(seriesA) and17,~0-pound(seriesC)vertical-loadtest
conditions.



0

14 NACATN3604

?Zromeachofthedynsmiclateral-elasticitytests,a timehistoryof
theairplanelateraldeflectionwhichissbilartotherecordshownin
figure21wasobtdned.As canbe seenfromthisrecordthisoscillation “
isapproximatelyanexponentiallydecayingsinusoidaloscillation.The
correspond@frequencyf anddecreaseinemplitudepercycleq2 .
obtainedforeachtestrunaregivenintableVI.

StaticTorsional-ElasticityTests

Thetestprocedureforthestatictorsional-elasticitytestswasas
follows: Steelturntableswereplacedbeneaththewheelsofthetest
vehicle.Theseturntableswereconnectedto a hydraulicramin sucha
mannerthat,whentheramwasretracted,eachturntable-tirecombination
wouldrotatethroughan angleproportionaltothersmretraction.

Theverticalttiedeflectionandloadedtirepressureweremeasured
beforeeachrun. Continuousmeasurementsoftorsionalnnnentandturn-
tableangulardisplacementwererecordeddur~ eachrunontheoscil-
lograph.ThisprocedurewasfollowedforseveraltestWhtion pres-
suresatboththe9,000-pound(seriesA) and17,100-pound(seriesC)
verticsl-loadtestconditions.

Thebasicstatictorsional-elasticitytestdatasreshowninfig-
~es 22~d 23. me 22 show t~ variationoft~sion~ momenttith.
torsionangleforseveraltestinflationpressuresata verticalloading .
of9,000poundsforeachtire(testseriesA). Figure23 shOws,thisvari-
ationat a verticalloadingof17,100poundsforeachthe (testseriesC). ,
TableVZIcontainsa listofti testconditionstogetherwithtiretor-
sionalstiffnessparametersobtainedfromfigures22and23.

SupplementaryMeasurements

In additiontothetestsjustdescribed,sometire-contactor
footprint-areameasmementsweremadeforthetirespecimensat several
inflationpressuresandverticaltiredeflections.Thesemeasurements
wereobtainedfromtheimprintle”fton a pieceofheavypaperplaced
betweena chalkedportionofthettiesanda smoothconcretehangarfloor.
Severaltypicalimprintsareshowninfigure24. Thetirefootprintdata
obtainedfromthetireimprintsarepresentedintableVIII.

PRECISIONOFDATA

Theinstrumentsusedinthetestsandthemethodsofreducingdata
arebelievedtoyieldresultswhichare,ontheaverage,accuratewithin
thefol.low5nglimits:

.

—
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Verticalloadontire,Fz,percent. . . . . . . . . . . . .
Corneringforce,Fy,percent. . . . . . . . . . . . . . . .,,
Forceperpendiculartowheelfrsme(normalforce)orlateral
force,FV,percent. . . . . . . . . . . . . . . . . . . .

Dragforce,Fx,lb..... . . . . . . . . . . . . . . . .
SeH-aliningtorqueortorsionalmoment,Mz,lb-in.. . . .
Tireinflationpressure,pO orp, lb/sqin. . . . . . . . .
l?reeradius,ra in...... . . . . . . . . . . . . . . .
Rollingradius,re,in... . . . . . . . . . . . . . . . .
Horizontaltranslation,x,percent. . . . . . . . . . . . .
Verticaltiredeflection,?50or b,in.. . . . . . . . . . .
Lateraltiredeflection,~ or1, in. . . . . . . . . . . .
YawangleortorsionsingleforaU testsexceptyawed-
curvilinesx-rolll@gtests,deg. . . . . . . . . . . . . .

Yairangleforyawed-curvilinear-roUngtests,deg. . ... .

. . ~3

. . f~o

. . t3, 000

. . *3

. . ti.02

. . jf).2

. . f3

. . *.2
to.02. .

. . i-o.l

. . +0.5

DISCIESIONOFPARMETEW

‘o* Force‘*jr,e

Thevariationof steady-statenormalforcewithyawangle,obtatied
fromthetestdataintableII,_isshowninfigure9 foranapproximately
ratedvertical-loadcondition(Fzs 9,000pounds,testseriesA andB),
~ figure10foranapproximatelytwiceratedvertical-loadcondition
(Fz= 17,100pounds,seriesC),andinfigure25forbothverticalloadings
attwotireimflationpressures.Thefollowingobservationscanbe drawn
fromthedatashowninthesefigures.Thenormalforcegeneraldyincreased
withincreasingyawanglewithinthetestrange.It shouldbe notedthat
theshapeofthenormal-forcecurvesdifferedforthetwoverticalloads
testedas isshoyninfigure25. Attheapproxhatelyratedvertical-
loadcondition(Fz= 9,000pounds),theslopesofthenormal-forcecurves
tendtodecreasewithincreasingyawangle;thisresultisinagreement
withtheresultsreportedinreference3 fortwo56-inch-di~ tires
forcomparableloadingcoalitions.Attheheavyapproximatelytwicerated
vertical-loadcondition(Fz= 17,100pounds),itcanbe seenthatthe
slopesofthenormal-forcecurvestendto increasewithincreasingyaw
angleuptoyawanglesof 16°to 180smdtheslopestendto decreasetith
furtherincreaseinyawangle.No comparisoncanbe madefortheheavy-
loadconditionbetweenthe26-inch-diametertiresandthe56-inch-diameter
tiresofreference3 sincethe56-inch-dismetertireswerenottestedat
verticalloadsgreaterthantheratedload.

.
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CorneringForce ‘y,r,e

Thesteady-statecorneringforcefollowss@stutiU theS= tre~.
.

thatweredescribedforthenormalforce,as isshownh figure26fortwo
typicalloading,conditions.

Initial RateofCornering-Force

Thevariationoftheinitialrateof cornering-forcebuildupwith
distancerolledasa functionofyawangleandtireimflationpressure
forsmaU yawangles(obtainedfrom_thedatab tableII)isshownin
figure27fortestseriesA andB (Fzs 9,000pounds).(Thispsmmeter
maybe of someuseintestingthere~abilityof sometire-motiontheories.)
FortestseriesC (FZ= 17,100pounds),theinitial.force-buildupdata
werenotsufficientlyaccurateto obtdnthisquantity.Forconstanttire
inflationpressure,theinitialrateofbuildupisseento increaseapproxi-
matelylinearlywithincreasingyawangle.Forconstantyawangles,the
initi-~rateofbtidup
sureatleastupto 183
trendisuncertain.

appesrsto increasewithincreasinginflationpres-
pXnds persquare

CorneringPower

inch;forlargerpressures

N

the

Thevariationof corneringpowerwithverticaltiredeflectionand
inflationpressureforthetwoverticalloadstestedisshowninfig-
ures28(a)snd28(b),respectively.Thesedata,whicharederivedfrom
theinitialslopeofthecurvesforthevariationofnormalforcewith
yawanglegiveninfigures9 and10,indicatethat,forconstantvertical
tiredeflection,thecorneringpowerincreaseswithincreasinginflation
pressureandthat,forconstantinflationpressure,thecorneringpower
decreaseswithincreas~verticaltiredeflection.

Inorderto comparethepresent-testresultsforthe26-inchtirewith
theresults’ofprevioustestsonothertiresofthesamegeneraltype
(typeVZI,seeref.4),cornering-forcedatafromthepresenttestsarecom-
paredinfigure29withtitsfora 56-inch-diametertirefromreference3
apdfor32-andU-tich-diametertiresfromreference5..Thesedataare

presentedintheformof a plotoftheratio R agakt 6./?,
(F+ o.~~)~ v

where ~ isthetireminimumratedburstingpressureastakenfromref-
erence4. (Theformoftheseratiosisbasedontheresultsof anunpti- ‘
I..ished@mdy oftirecharacteristics.) Fromfigure29 itappearsthat

——.— —.—
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forthe26-inch

fi

(~+ o.11~)%

of course,this

17

and 56-inch tires the indicated cornerhg-power parameter

is substantiallythesameforthesetwotires,although,

conclusionisnetcertainsincethetwoactsofdatado
notoverlapverymuch. Inregardto the32-smd~-inch-tiredatafrom
reference5,thesedatame seentobe infairagreementwiththedata
forthe26-snd56-inchtire,butthedatapointforthe~-inchtire
appesrssomewhathigherthanmostoftheotherdatapoints.At least
pa% ofthisappsrentdiscrepancymayeasilybe duetothefactthatthe
valueofthe width w usedto calculatethecornering-powerparameter
forthistesttire(andalsoforthe32-tichtire)werenotgivenh ref-
erence5 buthadtobe estimatedfromthenominaltiresizewiththeaid
ofthecorrespondingtirespecificationsinreference4. Thesetirespeci-
fications,hoyever,permita ratherlage toleranceforthetire-width
dimension.Forexsmple,forthewinch ttiethespecificationsreqtie
thkt w = 13.20* O.n inches;thistolerancecouldlead.to anerrorof
approxhately~ percentinthedeterminationofthecornering-powerparam-

eter N .
(~ -1-o.llqJ#

EffectofPathCurvatureonCorneringForce

Thevariationof cornerimgforcewithyawanglefora the rolhg
alongcircularpathsofapproximately5,10,and15feetradiiis shown
infigure14. Thisvariationof corneringforcewithyawsingleappears
tobe essentiallylinearthroughotitheyaw-anglerangeinvestigated.
It shouldbe noted,however,thatthecornering-forcecurvesareoffset
fromtheoriginby tM.fferentsmountsdependinguponthemagnitudeofthe
turningradiusp. Thisoffsetof corneringforceattheorigin(Ooyaw)
dueto circulsrrollingappearstobe inverselyproportionaltotheturning
radius,aswouldbe expectedfromtheoreticalconsiderations(ref.6).
Theeffectof circularrollingon corneringpowerappearstobe small
sincetheslopesofthecurvesforthevariationof corneringforcewith
yawanglegivenh figure14appeartobe mibstantiallyequalforthe
threeturnihgradiiinvestigated.Thevalueof corneringpowerfortire
obtainedfromthistest(237lb/deg)is inrelativelycloseagyeement
withtheaveragecorneringpowerfortiresA andB (265lb/deg)obtained
fromtheyawed-straight-rollingtestforthessmeconditionsofvertical
loadsndtireinflationpressure;thus,thecorneringcharacteristicsof
thetwotesttireswerestistantiaUyH.

A

.- - -. . - .—–—.–-————. _.. —.——-———----- .._- . .....——. ____ _—— .—.
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SeM-AliningTorquefiz,r,e

NACATN3604

Thevariationof self-alininntorquetithyawangleisshowninfig- “
ures9 and10forthetwoverticalloadingsinvestigated.TheseM-al.inti
torquegeneraILyincreasedwithincreasingyawangleforsti yawangles ..
anddecreasedwithincreasingyawangleatlargeyawangles.Forconstant
verticalload,thedataindicatethatincreasingthettreinflationpres- “
suretendsto reducethemagnitudeoftheself-diningtorqueatmostyaw
angles.Inthecaseof constantinflationpressure,illustratedinfig-
ure~, increcmingtheverticalloadtendsto increasethese~-alhing
torque.

WudmumSelf-AlininnTorque~z,r,e,m

Thevariationofmaximmself-aliningtorquewithtireinflationpres-
stieisshowninfiguren forthetwotestconditionsQwestigated.For
constantverticalloadingovertherangeof inflationpressuresinvesti-
gated,increasingtheinflationpressuretendstodecreasethemaxinnm
self-aliningtorque.Forconstantinflationpressure,themaximumself-
a~W tOrqUeincreaseswithincreasingverticalload.

PneumaticCaster

Thevariationofpneumaticcaster
ditionsisshown@ figures9 and10.

ii~re-_q–‘*,r,e

withyawangleforalltestcon-
Thesefiguresshowthatthepneu-

maticcasteris.at a maxhnmatsmallyawanglesandgenerallydecreases
withincreasingyawangleforthetestrangecovered(upto 24.5°yaw
angle). Forthecaseof constantinflationpressure,illustratedinfig-
ure25,thepneumaticcasterisseento increasewithincreasingvertical
load.

W% Force Fx,r,e

Thevariationofhag forcewithyawangleforalltestconditions
is showninfigure31. Thedatashowthattheeffectof inflationpres-
sureondrsgforceforthetwoverticalloadingsinvestigatedisapparently
small.Inorderto showtrendsmoreclearly,theratioofdragforceto
corneringforceFx,r~efiy,r,e‘ isplottedagainstyawangleforalltest
conditionsinfigure32. Ifthetotalhorizontalground-forceunderyawed ,
rolXngwerenomaltothewheelplanelthedragforceFx,r,e wouldbe

equaltothecorneringforce~y,r,e multipliedby thetangentofthe
yawangleor ‘x,r,e/Fy,r,e= tm V. Tan~ isrepresentedinthisfigure “
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by theheavysolidlines.Sincethedatadonotusuallyfallalongthis
line,itappearsthatsomeforceparalleltothewheelplaneexistsfor
mostoftheyaw-anglerangeinvestigated.

/
Yawed-RollingCoefficientoffiiCtiOn~$,r= ~R,r,e,m,~z

Thevsriationofyawed-rollingcoefficientoffrictionwithaversge
bearingpressureorgroundpressureis showninfigure33. (Seesqusxe
symbolsinthisfigure.)Thesedatawerederivedfromdatagivenin
tableIIandinfiguxes18and2 (tobe discussedlater).It shouldbe
noted,however,thatonlya fewvaluesofyawed-rollingfrictioncoef- ‘
ficientwereobtainedbecauseofthelimitationsofthetestsetupand
thatthevaluesshownwerederivedmostlyfromextrapolatedmsxhnunvalues
ofthefairedcurvesgiveninfigure9. Thesefactstendto decreasethe
reliabilityoftheyawed-rollingfriction-coefficientdatato someextent.
Thelimiteddataobtainedareinfairwgeementwithsimilartestresults
reportedinreference3 fortwo56-inchtires,as isshowninfigure35,
wherea comparisonof frictioncoefficientsforthesetwo56-inchtires
(dataobtainedfromref.3)withpresenttestresultsisgiven.(COmp~e
circleanddismondsymbolsinfig.35.) IYomthiscomparisonitappears
thattheyawed-rollingcoefficientsoffrictionaresomewhatsmallerfor
the26-inchtires;however,sincethedataforthe26-inchtiressrepartly
extrapolated,thisconclusionisstijectto somequestion.

Sliding-Drag(Fore-and-Aft)Coefficientof

ltriction~x,s= ix,s/Fz ‘

Thevariatidnof sliding-dragcoefficientoffrictionwithaverage
besringpressureforbothdryandwetconcretefortheoneverticalloading
tested(FZS 9,000pounds)isshowninfigure33. (Seecirclesynibols.)
ThesedatawerederivedfromdatagivenintableIV andfigure%. The
sliding-dragcoefficientof frictionforthe@-concreteconditionappears
to decreaseinmagnitudewithincreasingbesringpressure.Thefriction
coefficients-foundforthelimitednumberoftestsmadewiththeconcrete
ina wetconditionindicatea slightreductioninmagnitudeforthesliding-‘
dragcoefficientsoffrictionoverthatforthedry-concretecondition.
Alsoshowninfigure33forcomparisonpurposesarethelimitednumber
ofyawed-rollingcoefficient-of-frictionvaluesobtainedfromtheyawed-
rollingtests.(Seesquaresymbols.) A comparisonofthesedataindicate
somewhathighervaluesforsliding-dragcoefficientsoffrictionthanfor
thecorrespondingyawed-rollingcoefficientsoffriction.

— —.—..—..—. —— --——.— -— —— —-—— —— —-—————
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A comparisonofsliding-dragandyawed-rollingcoefficientsoffric-
tionobtainedfromtestsontwo56-inchtires(ref.3) with pregent test
results is shownin figure 35. ThefrictioncoefficientsforDothsets .

oftiresareseentobe infatilygood~eement andshowthesamegen-
eral.trends. .,

MaximumDragCoefficientoflZriction~x,m=&,#?z

ThemaximumdragforceFx,m atincipientslipisgenerallyslightly
largerinmagnitudethanthedragforceFx,s requiredforsteadysliding
ofthelockedwheelsandtires,as isshownh figure16forseveraltyy-
Icalruns.A comparisonofmaximumandsliding-dragcoefficientsoffric-
tionispresentedinfigure36. Mostofthedatashowninthisfigure
indicatethatthemaximumdragcoefficientoffrictionisapproxhately
3 percentgreaterinmagnitudethanthes~~-drag coefficientof
friction.

Thevariation
pressure,obta@ed
investigated(Fz=

Fore-and-AftSpringConstantix

offore-and-a&springconstantwithtireinflation
fromdataintableIVfortheonevertical.loading
9,000pounds),isshowninfigure37. Thesedataare

derivedfromtheinitials~pe ofthecurvesforthevariationofthe *
fore-and-aft(drsg)forceFx withhorizontaldisplacementZ. Ssmples
ofthesecurvesforthreetestinflationpressuressrepresentedinfig-
ure16. Fortheoneverticalloadingtested,figure37 indicatesthat

W.LLIJALUCXCUD* .uLL.Lu-thefore-and-aftsp?%g constantincreasesslightly-=~u4-----”4--4--’-
tionpressureforthepressurerangeinvestigated.

LateralSpringConstantlZ~

Thevariationof staticlateralspringconstantwiththe inflation
pressureforthetwoverticalloadingstested,obtainedfromtheslope
ofthestraight-heportionsofthecurvesinfigures19 and20,is
shownintheupperpartoffiguxe38togetherwiththecorrespond3.ng
dynamicdata.ThestaticdataarealsogivenintableV whereasthe
correspon&tngdynsmicdataaregivenintableVI andarediscussedin
theappendix.Ifthestaticdataareconsideredfirst,thelateral-spring
constantisseento ticreasewithincreasinginflationpressureat con-
stantverticalloadingandto decreasewithincreasingverticalloadat .
constantinflationpressureatleastwithintherangetested.Thedynamic
sprbg-constantdata,whicharenotentirelytrustwort~(seetheappenti),
areingoodagr~ementwiththestatictestdataforthelight-loadingcon- ‘
ditiontested(Fz= 9,000pounds)butareinpooragreementtiththestatic



NACATN3604 21

testdataattheheavy-load3ngcondition(FZ= 17,100pounds).Thisdis-
agreementattheheavy-load@conditionisprobablydueinparttothe
factthattheprocedurefordeterminingthedynsmicspringconstantsfrom
thetestdataisof some@atdubiousmeritfortheheavy-load@conditions
becauseoftheinfluenceofrockingmotionsoftheairplaneduringthese
particulartests. (Seetheappendk.)

LateralHysteresisDan@ngParameters71 - 73

Inorderto obtaina quantitativemeasureofthelateralhysteresis
-ing, thefo~owingconsiderationswereused.~ing eachhdf cycle
of a lateral.hysteresisloop,a certainenergyEA isdissipatedinhys-
teresisdsmping,andatthemaximum.sn@itudeofthehaE cyclea certain
maximumamountofenergyEB isstoredinthetire.Thesetwoenergy
quantitiessreindicatedinthehysteresis-loopsketchoffigure39by

&A
therespectimshadedareasA and B. Theratio 71= —= AreaA

~ AreaB’
whichistheratioof energydissipatedperhalfcycleof a hysteresis
looptothemaximumener~ storedduringthishalfcycle,wasselected
asa quantitativemeasureofthehysteresisdampihgsadwasevaluated
forthehysteresisloopsinf-es 19and~. Theresultingvalues
of 11~arelistedintableV andareplottedinthelowerpartoffig-
,ure38 asa functionoftireiiu?lationpressure.mo showninfigure38
isthevariationofthecorrespo- dynamichysteresisparameter~3
whichisbasedon similarconsiderationsforthedynamiccasewhichare
discussedintheappendix.Thesedatafor q3 arelistedintableVI.

Thedampingforthedynsmiccaseappearstobe considerablygreaterthan
thatforthestaticcase.Althoughthisdifferencemightbe expected
froma qtitativepointofviewjsincetheinterpretationofthedynamic
testdatausedtodetermine73 maybebasedonoversimplifiedconcepts,

thequantitativedifferencesbetweenthesetwosetsofdatashouldnot
necessarilybe viewedasbeinghighlyreliable.

Thevariation

inflationpressure

TorsionalSpringConst=t ~

of statictorsionalspringconst-tit~,d withtire .
forthetwoverticalloadingstestedisshowninfig-

ure40. Thevaluesof staticspringconstantshowninfigure40,which
arelistedh tableVII,wereobtainedfromtheapproximatelystraight-
lineportionsofthe“decreasingmoment”portionsofthecurvesinfig-
ures22and23. (Theinitialslopesofthesecurveswerenotusedfor
‘thispurposesincethesetiitialslopesareoftenmorerepresentative

. . . . . . .——. .—.——. .—.— —- ... . . ______ .—___ __ ___ ____ . ___
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ofthetire-hysteresispropertiesthanofthethe springconstants.)
IYomfigure@ itappearsthatthestatictorsionalspringconstantsfor
thetwotesttiresareb fairagreementwitheachother.Forconstant “
verticalloadingthestatictorsionalspringconstantappearstobe largely
independentofpressure,andforconstantpressureitappearsto increase ~
withficreasingverticalload.

Alsoshowninfigure40aresometorsionalspringconstants~,r
whichwereobtainedfromthe~tial slopesoftheself-aliningtorque

()

m
c~S offigure10- ~,r .

z,r,e
. ThesespringCOIIStaIlts~,r

d~ i-+o
obtainedfromtherollingtestsareseentobe generallysmalllerthanthe
correspondingstaticspringconstants

Thevariationof

FootprintArea

grossfootprint

%,n”

~or&

area ~, netfootprintarea ~,
andtheratioofnetfootprintareato grossfootprintmea &/~ with

verticaltiredeflectionforthetesttires,obtainedfromdatain
tableVIII,isshownh figureY. Eoth Ag and ~ appearto increase
nonltiearlywithincreasingverticaltiredeflectionforthevertical-
lxke-deflectionrangecovered.Theratioofnetfootprintareatogross

.

footprintsreaappearsto increaseslightlywithincreasingverticaltire
‘deflectionandaveragesapproximately75percentofthegrossfootprint
area.Thisratiowill,of course,changefortireshavingtreaddesigns
differentfromtheonestested.

FootprhtLength2h andWidthb

Thevariationoffootprintlen@h 2h andwidthb withvertiqal
tiredeflection,obtainedfromdataintableVIII,isshowninfigure41.
Thesedataindicatethatboththefootprintlengthandwidthincrease
nonlinearly.withincreasingverticalthe deflection.-O showninthis
figureas solidlinesarethelengthsof chordsof circleshavingdiameters
equaltothefreedismeter“d andmaximwnwidth w, respectively,ofthe
tireatitsratedinflationpressureandlocatedata distancer - b.
fromthecenterofthecircles.A comparisondfthesequantitiesindicates
thattheexperimentalvaluesoffootprintwidthareapproximatelyeq~ to
thecorrespondingchordlengths,whereasexpertientalvaluesoffootprint
lengthareusualdysma12.erthanthecorrespondingchordlengthsforthe

.!

vertical-tire-deflectionrangetivestigated. .
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AverageBearingPressure~ = F=/An andAverage

GrossFootprintPressurefig= l?z/Ag

Thevariationof averagebearingpressureandaveragegrossfoot-
printpressurewithtireinflationpressureisgiveninfigure42.
AlthoughthisvariationcouldhavebeendirectlyobtainedfromtableVIII
fora fewtestpoints,inorderto obtaina greaterrangeofdeflection,
thedatashowninfigure42arederivedfrommeanvaluesofthecurves
giveninfigure17 forthevariationofvertical10SIIwithverticaltire
deflectionandfromthefairedcurvesgiveninfigure~ forthevaria-
tionoffootprintareawithverticaltiredeflection.

It shouldbe notedthatthesedatainfigure42 canbe somewhatin
errorbecausethedatainfigures17 snd 34, onwhichfigure42 isbased,
werenotobtainedundercompletelysimilsrconditions.Specifically,the
footprint-areadataoffigure~, aswaspreviouslynoted,wereobtained
ata timewhena flatspotwaspresentonthetire,whereasno flatspot
waspresentforthedatapresentedinfigure17. Aswaspreviouslymen-
tionedinconnectionwithfigure18,thedifferenceh verticaltiredeflec-
tionforthesetwoconditionsisapproximately0.3inch.Theheavysolid
linerepresents& = fig= E. Comparisonofthislinewiththedatafor

theaveragebearingpressure~n indicatesthattheaveragebearingpres-
sureisusuallyapproximately25poundspersquareinchgxeaterthanthe
inflationpressurefortheinflation-pressurerangecovered.Theaverage
grossfootprintpressurepg,however,fortheinflation-pressurerange
coveredisalwayslessthantheinflationpressure,andthedifference
betweeninflationpressureandaveragegrossfootprintpressureincreases
withincreasinginflationpressure.

RelaxationLengthL

Thevariationofthetwotypesofrelaxationlengthwithtireinfla-
tionpressureisshowninfigure43 fortestseriesA andB. (Norelaxa-
tionlengthsweredeterminedfortestseriesC.) The.scatterofthetest
dataisseeptobe solargethatitobscuresanyeffectsof inflation .
pressureontherelaxationlen@hwhichmightexist.However,theyawed-
rollg relaxationlengths~ do appeartobe
correspondingstaticrelaxationlengbhsLs as
inreference3 fortwo56-inch-diametertires.

.

slightlysmallerthanthe
Waspreviouslyobserved

_.— _ —---- -—————.
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CoefficientofTurningR *

In a studyofwheelshhmy,I!mrcierde Csrbonhasutilizeda tire *
coefficientcaJledthecoefficientofturningR (seeref.“7),whichis
definedasfollows:Considertheconditionwherea tireisrolledahead
whileexposedto a constanttorsionalmomentMz,r andzerol-ateral- ..

force‘y,r” Forthisconditiona tirerollsina circularpathof
radiusp. ThecoefficientofturmlngR hasbeendefinedby Bourcier
de Carbonas

R=~ (1)
pMz,r

Approximatevaluesof R obtainedforthepresenttesttire A were
calculatedfromthisequationby usingthefairedcurvesshowuinfig-
ur”e14 forthethreeradiitested.Theresultingvalues-ofR forthe
testconditionsof Fz= 9,(X3Opounds,p= 134poundspersquare@ch,
and b.s 2.3 inchesarelistedinthefollowingtible:

p, ft R, lb-1-in.-2

.4.71 3.8 X 10-6

9.83 3.1

14.70 3.3

Fromthistableitappearsthatthecoefficientofturningis somewhere

between3 x 10-6 ~bati -2 ~d h ~ D-6 ~b-l-ti -2. . forthesetest
conditions.

Itmayalsobe of someinteresttonotethatthiscoefficientof
turningR maybe expressedintermsof someotherusuallymoreeasily
measuredthe propertiesby makinguseoftheresultsof anunpublished
commrisonofthetire-motiontheoryofVonSchlippeandDietrich(ref.6)wit~thetheoryof%urcierde
correlationrelation

R=

Carb& (ref.7). JRromthiscomparisonthe

YC(L+ h)
(2)
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isobtained.Calculationsofthecoefficientofturmingaccording
tothisequationforthessmeconditionsasforthe&orementioned
testsweremadeby usingthevaluesh= 6.5inches(seefig.41),
L=8*3tiches (seefig.43), ~.~,r. l,DO ~.ti./deg(See
f~c ko),ad ~= ~,r = 845lb-in. /deg (fromtheslopeofthefaired
momentcurvesinfig.14). Fromthesecalculationsthevalueof R
obtainedfor ~ = 1,100lb-in./deg iS R = (3.2 ~ 0.2) 10-6lb-1-~.-2
andfor & = 845lb-in./deg is R = (4.2t 0.3)1o-6lb-l~in.-2. ~ese
twovaluesfor R, calculatedfromeqwtion(2),areseento be infair
agreementwiththevaluesof R, shownintheprecedingtable,whichwere
calculatedfromequation(l);thus,thevalidityofthecorrelationrela-
tiOnofequation(2)isatleastapproximatelyconfir@d.It shouldbe
notedthatexcellenta@?eementbetweenthesetsofvaluesof R calcula-
tedfromthesetwoequationscouldhardlybe expectedsinceneitherthe
experimentalvaluesof Mz,r usedwithequation(1)northeexperimental.
valuesof ~ usedwithequation(2)areextremelyaccurate.Althoughthe
vsll.ueofrelaxationlengthL usedwithequation(2)isalsonotaccurately
lmown(seefig.43),itsaccuracyisnotusuallyimprtantsince,fornot
toosmallvaluesof h,thecalculationof R accordMgto thisequation
isrelativelyinsensitiveevento lsrgeerrorsintherelsxatiohlength.

Rollhg Radiusre
,

Thevariationofrollingradiuswithyawangle,obtainedfromdata
intableII,fortwotypicaltestconditionsis showninfiguren(a).
Therollingrsiiiiforbothtesttiresappesrtobe inrelativelygood
agreementandrems$nnmreor lessconstantin_tude withincreasing
yawanglefortheangle-of-yawrangecovered(0°to 24.50).Thevsria-
tionofroll~ radiuswithinflationpressureforthetwovertical
loadingsinvestigatedisshowninfiguren(b). Thedatapresentedin
figuren(b) wereobtainedfromtableII andareforangles,ofyawof1.750
sad3.50.Inorderto showmoreclearlythetrendsofthesedata,the
effectof inflationpressurehasbeenisolatedinfiguren(c) whererol-
lingrsd.iusisplottedagainstverticaltiredeflectionforseveralcon-
stantinflationpressures.FigureIl.(c)showsthat,forconstantinfla-
tionpressure,therollingradiusdecreaseswithincreas~verticalthe
deflectionad, forconstantverticaltiredeflection,therolMngradius
increasesslightlywithincreasinginflationpressure.Similarvariations
wereobservedinreference3 fortwo56-inch-diametertires.

———-. .-— —— .— —.._ ._. _. _ —— — —— –.-



26 NACA.TN 3b4

CONCLUSIONS
7

Towtestsweremadeprharilyto determinethelow-speedyawed-
straight-rolMngcharacteristicsoftwo26x 6.6,typeVII,12-pl..y-rating~
airplanettresattwoverticblloadswhichwereapproximatelyequalto
theratedverticalloadandtwicetheratedverticalloadforthesetires.
Theresultsoftheseteststidicatedthefollowingprimaryconclusions:

1. Thenormalforcegenerallyincreasedwithincreasingangleofyaw
withinthetestrange.“Thevariationofnormalforcewithangleofyaw
wasconsiderablydifferentforthetwoverticalloadstested.

2.Thecornerhgpower,underconstantinflationpressure,decreased
withincreasingverticaltiredeflectionforthetwoverticalloadsinvesti-
gated.Forthecaseof constantverticaltiredeflection,increasingthe
verticslloadincreasedthecorneringpower.

3. ‘Theself- alininn torque generally increased with increasing angle
of yawfor small sngles of yawmd decreased with increasing angle of yaw
at large angles of yaw.

4.Thepnematiccasterwasat a maximumatsmalJanglesofyawand
genera12ydecreasedwithincreasingangleofyawforthetestrangecovered.

5. The slMing-drsg coefficieti of friction decreased with increasing .
bearing pressure; and at coqsrable beming pressures, both the sliding-
drsg andyawed-rolling coefficients “of friction followed approx-tely
the sametrends andmagnitudesthat were reported for two 56-inch-diameter
tiresinNACATechnicalNote3235.

6. Thecoefficientofturning(ChristianEourcierde Carbon’scon- “
stantR) foronetirerollingalonga pathof circularcurvaturewas
detemiinedforseveralturningradii(approximately5,10,snd15feet).
Thecoefficientwasfoundtobebetween3 x 10-6lb-l-in.2 to
4 x 10-6m-l-~o-z ata verticalloadof 9,000poundsanda tirei.nfl.a-
tionof1% poundspersquareinch.

,

LangleyAeronatiicslMboratory,
National Adtiory @?mittee for Aeronautics,

LangleyHeld,Va.,October~, 1955.

.

.
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INTERF’REIATION

AP13NDIX

OFRESULTSOF~AMIC LATEML-ELASTICITYTESTS

Inorderto interpretthefreqmncyandsmplltude-decreasetests,
resultsofthedynamiclateral.-ela;ticitytests-intermsofttielateral
springconstantsandhysteresislosses,the following considerationswere
made.

As a ftistapproximationitwasassumedthatduringtheseteststhe
testvehicleexperiencedonlypurelylateraloscillationsagainstthe
springrestraintsofthetwotesttiresinsucha waythatthebehavior ‘
ofthetestsystemcouldbe consideredtobe somewhatsimilartothe.free
oscillationsof a simplemassoscillatingwitha linearspringandviscous
dsmping. Sucha systemisillustratedinthefollowingsketch:

Thespringconstantk forthesimplifiedsystemcorrespondingtothe
testsystem~stakenasthesumofthespringconstantsforthetwotest
tires(k= 2KX);the-er constautc isrelatedto thehysteresis

-m oftiesystemandthemass m istakenasthemassofthetest
vehicle.Thisanalogybetweentheactualtestsystemanda simplemass
oscillatoris,of course,nota perfectanalogforthefolJowingreasons:
Ilrst,itassumesthattheonlyrestraintsonthelaterslmotionofthe
testvehicleweresuppliedbythetwotesttires.ActualJy,however,the
testvehiclem alsopartlyrestrainedfromlaterslmotionby theairplane
tailsupportby whichthetestvehiclewasattachedtothetowingtruck.
Theairplanetail,however,wasattachedtothetowingtruckin sucha
mannerthatthetailsupportcausedonlya small.lateralrestraint;appar-
ently,thelateral.stiffnessofthissupportwaslessthanone-tenththe

—— ..-— .. . .. . ... ..— —. ——-—-—-—— --- ——— -— —---- —--
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conibinedlateralstiffnessofthetwotesttires.A secondlimitation .
onthevalidityoftheanalogyarisesfromthefactthatthecenterof
gravityofthetestvehicleisnotexactlyatthesamelongitudinal-sta-
tionofthetestvehicleasthetwotesttires.Thisoffset,whichis .
about3.3feetforthelight-weightconditionteste~(5Z= 9,000pounds)
andabout2.0feetfortheheavy-weightcondition(Fz= 17,100pounds),
isnotbelievedtobe largeenoughtobe of~eat importance.A third
limitationarisesfromtheneglectofthepossibleeffectsofflexibility
ofthereinforcedlanding-gearstruts:Finallyandapparentlythemost
importantlimitationonthevaliiityoftheanalo~srisesfromthefact
thatitsvalitityreqtiesthatthetestvehicleshallexperienceonly
purelateraloscillationswithoutro?lMngorrockingmotions.Atthe
Mght-weightconditiontested,bothvisualobservationofthetestssnd
examinationofthetestrecordsindicatidthatthetestvehicledidper-
formlsrgelypurelylateraloscillationswithoutro711@g.Fortheheavy-
weightconditionfo~mostoftheruns,‘however,itwasapparentfromvisual
observationsthatsignificantrollingmotionswereoccurring.(Apparently,
thenaturalrollingfrequencyofthetestvehicleforthelight-weight
conditionwasaboti4 cyclespersecond..)

Inviewoftheprecedingconsiderations,particularlywithrespect
torol.lhg,itappearsthat.thereplacementofthetestsystemby an
equivalenthear mass-spring-dampersystemsubjectto purelateralmotion
mightbe acceptableasa firstapproximationforthelight-weightcondi- .
tiontested(runs1~ to 156oftableVI)butthatthisanalo~isof
highlydmibtfulvaluefortheheavy-weightconditiontested(runs157
to 161oftableVI). Forthoserunsforwhichtheprecedinganal.o~may
be reasonable,thefollowingconsiderationsapply.

Thedifferentialeduationfora single-degree-of-freedomlinearmass-
spring-dsmpersystemti-ergoingfreevibrations

&+c&+m3=o

andits solutionis

is

(Al)

(A2)
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where ql and q2 me constants.Thefrequencyf oftheoscillation

is

IIf_lkc2
‘z i-G

Theequivalent values of c forthepresenttestresults
sti sothatequation(A3)canbe reducedtothesimpler

f
{

lk=— —
3cm

.

and stistitution Of k = ~~ into equation (A4)gives

it~= An#

(A3)

aresufficiently
relation

(A4)

(A5)

(Thevaluesof ~~ listedintableVI werecalculatedfromtheexperi-
mentalvaluesof f giveninthetablewiththeaidofe uation(A5).

2Thevaluesoftotalvehiclemassusedwereapproximately19 slugsfor
testseriesA snd1,143slugsfortestseriesC.)

In orderto interpretthedsmpingoftheosci12.ation,considerthe
following sketchof anexponentiallydampedoscillation:

——. — —— .——. -.— —
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Ifthe
ofthe

NACAm 36cJ+

amp~tudeoftheoscillationatthefirstpositivepeak(point1
sketch)isdesignatedasunitiandthatoftheDe& oneevclelater ‘

as q2,the-tude ~fthefirstn~gativepeak,for“a exponen~ialdecay,

willbe approximately@. Considernowtheenergylossingoingthrough
a halfcycleof oscillation,frompoint1 topoint3 intheprevi~ussketch.
TheenergyEl ofthesystematpoint1 (withunitdeflection)wi~ be
approximatelythesameastheenergystoredina Mem springof stiff-

ness k andunitdeflection,whichis El. ~k(l)2;and,similarly,

lk(fi~= :m2”forpoint3 theenergyis E3=Z In accordancewith

thediscussionof statichysteresis,itis
dissipatedinthehalfcyclefrompointsO
a fractionq3 (correspo* to TIlfor

mumstoredenergyforthathalfcycle~

forthequsrter

and,S~ly,

therelation

cyclefrompoints1 to 2,

assumedherethattheenergy
to 2,designatedas ~~, is
thestaticcase)ofthemaxi-

or ~2= 73~k(l)2. Thus,

frompoints2 to3, ’23 = ~ ‘3~ ‘(@)2” ~en’ ‘*

substitutingthevariousvalueof E, andditidingthroughby ~ k gives

112=1-~~3_~ ~3~2

Solution of this equation for q3 gives the

2(1- V2)
‘3= 1+V2

relation

(A6)

(Thevaluesof r13 listed in table VI were calculated from the experi-
mentsllvalues of q2 given in the table with the aid of equation (A6). )

—
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ill. h. deg lb lb lb w-b.

3.93.91.73m m ~ 3,&3

B.a3.83.5 4X h 5335,W

3.83.97.01,~ 8331,* lo,~

3.84.1ID.s2,m 1,Xx32,4Xlo,~

3.74.2Ih.o3,13a1,9XI3,~ (a)

3.33.61.75WJ m m l,YXI

3.63.63.5 670 h @ 2,7CXJ

(a)(a) 3.3 alo 403 8306,um

3.53.77.02*O2Jm 2,1039,@J

3.k3.6lo.~2,e% l,m 3,0339,8X

3.53.71.O.5‘&m l,m 2,m lz,w

3.b3.814.03,97Ul,W 4,31n (a)

3.54.117.55,0702,77335,653u,m

3-33.3 1.73 * m m 4,W

3.23.3 3.5 W &x) m 3,9

3.13.1 3.5 1,170m l,lw 5,7CD

(a)(a)7.0 2,* m 2,4339,m

3.23.4 7.0 1,* ~ 2,01D7,8X

3.23.510.53,3701,-xx)3,5Xlo,wI

3.13.5ti.o4,s53Z,m 5,‘m (a)

3.13.717.55,8XI2,5336,283 (a)

3.34.017.55,3MZ,%n5,m 13,m

3.13.9Z1.o7,c&3,4027,alo (a)

3.1(a)24.57,7933,7mJ8,6m4,%x

3.13.11.V m m ~ 1,633

3.03.13.51,lyI 4031,1303,703

2.93.67.02,470m 2,m Is!,w

3.03.3lo.~3,7931,m 3,W 8,s0J

2.93.314.05,3701,-p)5,622 (.3)

3.03.517.96,WI 2,4XI~,24911,~

(a)(a)2L0 7,3m3,1m8,u0 (a)

2.93.724.37,%33,%08,7T’o(a)

2.93.82%5 8,UXIk,am9,1$04,833

%.lueCcdd mt b accm-atilydeterdrea.

G
in.

r2.23

lo.cm

7.a

4.40

(a)

6.u

3.91

7.33

4.37

3-23

4.31

(a)

2.44

7.@

4.33

4.79

3.91

3.ea

2.97

(a)

(a)

2.29

(a)

0.%

3.20

3.22

S.d

2.3

(a)

1.%

(a)

(a)

O.y

Tlm B

P, ~, 6, re,

b/qIn.In.h. b.

1.633-93.7U.-3

I& 3.73.711.o

163 3.83.9U.3

la 3.84.011.5

la 3.84.1IL5

l&2 3.53.5rL.7

WA 3.63.6IL4

le4 (a) (a)11.7

lt%j3.53.9J3..7

185 3.33.6IL7

* 3.63.811.7

l& 3.43.8IL7

m+ 3.54.1 (a]

m3 3.33.2SL.8

225 ~.33.411.7

a3 3.13.1U.8

z (a)(a)IL7

a13 3.23.4=.8

m 3-33.3u.8

2Y3 3.13.5M-.8

* 3.13.712.8

2Q3 3.b3.9 (a)

a% 3.13.9n.8

‘m 3.1(a)u.6

226 3.13.0n.8

=7 2.93.1u.8

& 2.93.6u.8

22+ 3.03.3=.6

224 2.93.3IJ..9

=7 3.03.5JI.9

228 (a)(a) (a)

=5 2.93.6U.7

235 3.04.2 (e)

.- .—. . .—. .. ..—.—. ~. —. ——-— ——- —— —— .——. —-
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!L’ABLEIII.- STATIC-RELKATION-LENG!I?HDATA r

c 1Testseries A

!lYreA TireB
Run

PoY P> Fz, Et),&, P()) P> FIZ9 80, Ls,
lb/sqin.lb/sqin. lb in.in.lb/sq in. lb/sq ti. lb in. h.

158 165 9,000 2.1 (al 158 165 9,000 1.8 9.8

lJ3 (b) “180 9,000 (a) 7.1 (b) lb 9,000 1.8 9.4

114 (b) ~ M!Q 9,000 1.6 (a) (b) 182 9,000 1.-( 7.7

115 (b) 196 9,000 (a) 9.5 194 , 9,003 (a) 8.2

avalue
%aue

.

couldnotbe accuratelydetermined.
notavailable.

.

.

—_——
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TABLEIV.- ~CKED-WHIIELDRAGTESTDATA

[BetweentestseriesA andB: ~z. 9,o9olb for j$x= O;

~z- 8,9n lb forallvaluesof ~x inthistable]

A%ragetiues “

59 Fx,go,F’,n,m.)‘Xyn>.s?Px,m)Vx,s>. Remarks

lb/sq in. in. M lb lb/in.

U6 103 2.7 6,710 6,580 0.75 0.74 5,570
117 103 2.7 6,540 6, ~

● 73
}

● 73 5,4-60 Dry concrete
U8 103 2.6 6,570 6,480 .74 “73 5, pm
llg 102 2.8 6,323 6,130 .71 .69 4, 93Q Wetconcrete

123 2.3 6,510 6,4w .73 .72 4,920
L21 122 2.3 6,470 6,41.0 .72 .72 4,930 }

Dry concrete
123 2.3 6,43 6,190 .72 .69 4,93 Wetconcrete

w 142 2.0 6,490 6,26Q
● 73

}
.70 5;3n ~ concrete

L24 141 2.0 6j4@ 6,2X .72 .70 5,060
125 143 ‘2.0 6,390 6,170 .72 .69 5,070 Wet concrete

L26 159 1.9 6,2si3 6,130 .70 .69 5,1&)
127 163 1.8 6,320 6,160 .71 .69 5,820 }

Dry concrete
.L28 162 1.8 6, 2&) 5,9& .70 .67 4,930 Wet concrete

u lm 1.7 6,1cQ 6,070 .68 .68 5,65Q
lyl la 1.7 6,160 6,070 .69

}
.68 5,850 Dry concrete

131 184 1.7 6,3= 6,030 .71 .67 5,660
132 181 1.7 6,160 6,000 .69 .67 5,9* Wetconcrete

133 205 1.6 6,0x 5, w .68
}

.65 5, 2~ ~
134 207 1.6 6,140 5,850 .69 .66 5, ao concrete
135 203 1.5 6, 1~ 5,6~ .69 ,63 (a) Wet concrete

136 232 1.5 6,240 5,600 .70 .63 6,310
137 232 1.4 6,090 5,660 .68

1

.63 6,2ti ~
138 229 1.5 6,230 5,720 .70 .64 5, 66a concrete

139 222 1.6 6, WO 5,950 .71 .67 a)
140 228 1.5 6,050 5,350 .68 .60 5, h Wet concrete

a%lue couldnotbe accuratelydetermined.

—- .—.—._._ .-—___
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TAEIWV.- STATICLATERAGELASTICITYTESTDATA

NACATN 3604

141
142
143
144
145

146
147
148
149

Test
series

A
A
A
A
A

c
c
c
c

Averagevalues

Fz,
lb

9,000
g,om
9,000
9,000
9,000

17,100
17,100
17,100
17,100

59
lb/sqin.

142
142
162
182
202

161
183
199
227

2.0
2.2
1.8
1.9
1.7

3.6

M’
2.9

K~Y
D/in.

2,ox
L 850
2,m
2,430
2,4~

1,35Q
1,m
2,010
2,52i)

%%lue could notbe accuratelydetermined.

0.48
.56
.36
● 37
.36

(aj

:E
(a)

.

..

.



NACATN36o4 39

Run

l’yl
151
152
153
154
155
156

157
158
159
160
161

TAELEVI.- DY_IfAMICUTEFML-ELMTICIT’YTESTDATA

Test
series

A
A
A
A
A
A
A

c
c
c
c
c

iiz,
lb

9,000
9,000
9,000
9,000
9,CM)0
9,000
9,000

17,100
17,100
17,100
17,100
17,100

Averagevalues

59
lb/sqin.

142
162
162
182
182
202
a2

162
182
182
2Q2

6.,
in.

2.0
1.8
1.8
1.8
I.8
1.7
1.7

3.8
3.4
3.4

;::

:,

Cps

1.37
1*%
1.45
1“%
1.51
1.59
1.59

1.45
1.23
1.32
1.~
1.23

0.45
.48
.48
●5
●52
.52
● 55

(a)
(a)
(a)
!;~

aValuecouldnotbe accuratelydetermined.

1,910
2,420
2,140
2,420
2,3@
2,51?Q
2,5&

3,9W
2,840
3,2&)
2,940
2,840

0.76
.70
.70
.61
.63
.63
.58

(a)
(a)
(a)
(a)
.44

.- —
.—. .—-— . .. ——— ——.—-—— — ———- —. —— —-.-—
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.

d

Run

162
163
164
165
166
167
168
169
170
171
172

173
174
175
176

Test
;erief

A
A
A
A
A
A
A
A
A
A
A

c
c
c
c

TABLEVIl.- STATICTORSIONl&ELASTICITYTIHlDATA

TireA

9,000
9,000
9,00’0
9,000
9,000
9,000
9,000
9,000
9,000
9,000
9,000

16,900
16,w0
16,900
16,900

P)
Lb/sqin.

122

125
142
162
162
162
162
184
182
202
zn2

160
183
2D3
228

2.3
2.4
2.0
1.8
1.8
1.9
1.9
1.8
1.8
1.7
1.7

3.8
3*5

;:;

%,n>
/Lb-in.deg

1,400
1,320
1,400
1,29
1,660
1,4m
1,m
1,670
1,470
1,410
1,640

(a)
2,7W
2,960
2,7&

%alue couldnotbe accuratelydetermined.

TireB

?Z,
lb

9,000
9,000
9,000
9,000
9,000
9,000
9,000
9,000
9,000
9,000
9,000

17,X)o
L7,2D0
L7,200
17,230

P>
Lb/sq in.

w
142
162
162
162
162
184
182
199
197

161
183
224
22’7

76(-J,in.
2.4
2.4
2.0
1.9
1.9
1.9
109
1.8
1.8
1.8
1.8

n
3.1
3.0

Ku,n,
b-in./deg

L*
1,483
1,4y2
1,‘joo
~ (aa

1;190
1,510
1,la
1,yl.o
1,410

2,450
1,970
2,570
1,79

._. _ ———-—--
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TABLEVIII.- TIREIWWRINT DATA

[Runs177to lgzwereobtained before test series A;
runs 193 to 194 were obtained after test series Cl

PO? P, Fz, 5., Ag, & b, 2h,
Run

lb/sqin. lb/sq in. lb in. in. 2 in. 2 in. b.

Tire A

17’7 [:; 9,000 2.35 69.1 51.9 5.7’ 13.1
178 142 9,000 2.o8 62.3 47.6 5.7 12.3
179 (a) 207 9,000 1.62 49.5 36.7 5.7 Io.6

Tire B

189 (a} lo3 9,060 2.55 75*O 56.6 5.9 13.6
181 (a) 123 9,000 2.22 69.1 52.2 5.9 12.8
182 (a) 143 9,000 1.94 62.5 47.9 5.9 l.z?.l
183 159 (a) (a) ● 15 6.2 3.4 1.9 3.5
184 159 (a) (a) ●3O 9.0 501 2.2 4.6
l@ 159 (a) (a) .52 13.7 9.0 2.9 5.6
186 159 (a) (a) .@ 24.7 16.9 4.1 7.5
187 159 & (a) l.m 35.7 25.7 4.9 9.0
188 ’159 (a) 1.36 41.3 30.5 5.3 9.6
183 (a) 167 9,000 1.90 58.0 44.2 ~. 8 IJ-.6
190 (a) 167 9,000 1.78 57.0 43.6 5.8 11o3
191 (a) l@’ 9,0C-O 1.64 53.2 40.2 5.8 3.0.8
192 (a) mg 9,000 1.42 49.2 37.4 5.8 1o.4

193
[
a) 162 17,a)o 3.60 93.3 m.5 6.8 14.8

194 a) 182 17,m 3.40 88.8 75.2 6.5 14.4

%alue not avaikble.

— . -—. .. .. —-— —-—— .- —— -—- —-— —————— -- ——----— –-—
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miiiil
(a)TreadshapeoftireA andB atbeginningoftestseriesA.

m

1’

(b)At conclusionoftestseriesA.
— -..

{

I
1

i

(c)At conclusion

f .,. -

(d)At conclusionof testseriesC.

TireB

Figure4.-

oftestseriesB.

,$

/- - \
/

1+0525
(e) Test series D.

Tire A

Tire wear.
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(f) Crofissection of tire B.

m 4.-Concluded.
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l!z.w

>

‘IlrOA

c

Z.&)

t

o Pmmm-e &awsing
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Figure 50-Redius-pre66ure hysteresis loop for tires A and B (unloaded).
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.

L-8~2d
Figure6.- Representative samplesof concrete-~ -stiip surface roughness.
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(b)Rearview.
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Figure7.- Tire A underyawedrolhg at ~ = 24.’j”.
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Figure 8.-Coruperisonofbuildupof cornering force with distance rolled
for a normsl run and for a run where the test vehicle was backed up
before stsrting. Test series A: ~z = 9,020pOUUdSj 5 = 163pounds
per squere tidj 80 x 2.1 inches.
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123
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3.63
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Variationofno- forcey self-d~ torque~
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FiWe 9● -
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clifferenttilationpresswes
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TestseriesA andB.

pneumatic
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0 2 II 6

Figure10.- Variationof
casterwithyaw angle
gtiedat ~z = 17,000

8 10 32 lb 16 18 20 22 al 26
~+,%deg

normal force,self-aliningtorqueandpneumatic
forthedifferentinflationpressuresinvesti-
pounds. TestseriesC.
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Ill I I I I I I I

o 4 8“= M 20 U 28
Yawengle, f, deg

Vsriationofrollingradiuswithyawanglefor ~ s 203poundsper
squareinch.

9,000lb
17,mlb

Ill I I I I I I I
o 40 & 1.20 1.60 200 2ho 200

Tireinflationpressure,~,lb/sqin.

Variationofrollingradiuswithinflationpressurefor ~ = 1.75°
and3.5°.

13– Fz@ 9,0cm,Fz= 17,100, 5,
lb/sqin.

12.

‘%== ~

II
o 1 2 3 4 5 6 7

Verticaltiredeflection,ZO,~.

(c)Variationof rollingradiuswithverticaltiredeflectionforseveral
cons-t ml-ationwessu=s. (DataoMainedfrom faired curves in
figuresn(h) and

FigureIL- Variation

17.]

of rollingradiuswithyawangle,inflationpressure,
andverticaltiredeflection.

.
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(a) Test series A

figure I-2.- Bu31dup

1.2 1.6 2.6 2.IJ 2.8 3.2 3.6 k.O h.h

Insplmometi,;, rt

and B: Tz - g,IXIO ~mds; ~ .=103poundsper square

inch; ~. = 3.0illCheS.

of cornering force with distance rolled for sores t@-

cal rwns at several pressures.

c



i

0 A .8 1.2 1.6 2.0 Z.11 2.8 3.2 3.6 h.o U

Blapl.mmmnt>;, ft

(b)TestseriesA andB: ~z =-9,WKlpounds;~
inch; ~ = 2.1iIIchW.

IMgure 12.- Continued.

= 163poundsper square

u
U
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(c) T%* series B: ~. =

IHaplaoement,Z, ft

E
9,1Q0Pds; j = 226poundsper s- Inch; s

~. = 1.7inches.
El

Figure12.- Continued. w
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(d) Test series C: ~Z-JU17,1copomdBj 5 _ 163poundB ped square inch;

go w 3.8inches.
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(e) Test serie~ C: ?Z - ly,100 WJRdE; ~ - 226 Founda per BqumY inch;
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Figure 12.- Concluded.
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(a) View Of tie-down fittings anchortig right wheel f’ram to hanger floor.

Figme 13.- Yawed-mMn--roU~ testsetup.
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L-86826.1
(b) View of left wheel frame with tire A resting on the steel plate-beam

combinationused in the yawed-curvllfmar rolllng test. ‘#

Figure13.- Ccmtinued.
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14. - Variation of cornering force and self-aliniugtorque with
angle for three turning radii for tire A at Fz . 9,M10pounds,
134pmmds per squareinch,and 50= 2.3inches. Test series D.
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~(a)Experimentaldatausedfordeternihingstaticre=tion lengthfor
runn5.

Figure 15.- Sampledata obtained from the two methodsused to determine
relaxation len@h.
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(b)

M
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Xlc?

Linearcoordinates
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Semilog=iMc Coordinates. -
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0
I I I I I I
X2 m M 18 20 22

Experimental

Displaaemnt,=, tn.

data used fordeterminingyawed-rollbgrelaxation
forrun33.

Figure15.- Concluded.
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at ~x,n,m (from locked-wheel drag tests).



(a) Tire A at conclusion of test series D.

Figure l~. - Vertical-1oad-vertical-tire-deflectiontast I&ta at wloua
initial inflationpressures for the two tire specimns.
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Figure 17.- Concluded. 3
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F@ure 18.- Variationof averageverticaltiredeflectiontithaverage
tireinflationpressure.
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